Abstract. Dilated cardiomyopathy is a diverse group of heart diseases with variable arrhythmia substrates. The response to programmed stimulation is dependent on spontaneous arrhythmia presentation. In patients with dilated cardiomyopathy, the majority of sustained monomorphic VT is caused by a scar-related reentrant mechanism, similar to that of coronary artery disease. The arrhythmia is uniformly inducible and is often refractory to pharmacologic therapy. Sustained VT is associated with more extensive myocardial fibrosis and non-uniform anisotropy, involving both the endocardium and epicardium, compared to those without sustained reentry. The response to programmed stimulation is more variable in patients presenting with nonsustained arrhythmia, cardiac arrest or syncope. Inducibility of monomorphic VT is much lower compared to those with ischemic heart disease. Other nonreentrant mechanism, such as focal automaticity, can also be observed in patients with monomorphic VT, in the absence of myocardial scar or evidence of slow conduction. The utility of electrophysiology studies to determine prognosis and to guide therapy remains limited in this patient population. The clinical outcome does not correlate with arrhythmia inducibility, and suppression of induced arrhythmia does not predict a good prognosis. The diagnosis of sarcoidosis or Chagas' cardiomyopathy should be considered in patients with dilated cardiomyopathy of unknown etiology, particularly in those with marked regional wall motion abnormalities and inducible VT. Epicardial reentrant circuits may be more prevalent in these cardiomyopathies, especially in those with VT related to chronic Chagas' disease. Although bundle branch reentry VT is a common finding in patients with dilated cardiomyopathy, it can occur in cardiomyopathy of any type and may coexist with other myocardial reentrant VT. It often has a typical bundle branch block QRS pattern during VT and is associated with His-Purkinje conduction delay. Evidence of macroreentry involving the bundle branches can usually be demonstrated, and catheter ablation of the bundle branches provides an effective and specific treatment.
Background
Dilated cardiomyopathy constitutes a heterogeneous group of disorders in which the predominant feature is myocardial dysfunction with cardiac chamber dilatation, often occurs in the absence of significant coronary artery disease. It is commonly associated with clinical syndrome of heart failure. Although the cause of dilated cardiomyopathy is often not definable, it is likely that this condition represents a final common pathway resulting from myocardial damage produced by a variety of toxic, metabolic, infectious or hemodynamic insults [1] . Frequent ventricular ectopy and nonsustained ventricular tachycardia (VT) are prevalent (60-87%) [2, 3] , and may be associated with an increased mortality in patients with dilated cardiomyopathy [3, 4] . However, the predictive role of such spontaneous ventricular arrhythmias in identifying patients at risk for sudden death or sustained ventricular arrhythmias remains controversial [2] [3] [4] [5] . Data on the utility of electrophysiology study for determining long-term prognosis and guiding therapy is also limited in this population. This is in part due to the fact that monomorphic VT is an uncommon presentation and is infrequently induced in this setting [6] [7] [8] . Most of the prior studies suffered from small number of patients, variable clinical presentations, and different stimulation protocols. In addition, specific details regarding the response to programmed stimulation and the definitions of induced rhythms were frequently lacking. In this review, we will summarize information characterizing the anatomic substrate and the electrophysiologic responses to ventricular programmed stimulation in patients with nonischemic, dilated cardiomyopathy. Separate discussions on dilated cardiomyopathy associated with sarcoidosis and Chagas' disease will also be included.
Electrophysiologic Substrate for Idiopathic Dilated Cardiomyopathy
Much of what is known about ventricular arrhythmias is based on studies in patients with coronary artery disease and animal models of myocardial infarction. The pathologic substrate associated with sustained VT is characterized by myocardial scars, with the reentrant ventricular arrhythmia originates from the subendocardial border zone adjacent to the infarcted myocardium [9] [10] [11] [12] [13] [14] . Myocardial fibers survive on the endocardial surface because of blood perfusion from the ventricular cavity [14] , and viable bundles of myocardial fibers become embedded in extensive fibrous tissue. Wavefront propagation and activation of this abnormal endocardial layer with fiber disarray results in slow, inhomogeneous conduction that constitutes the potential substrate for reentry [12, 13] . The extent of the endocardial electrogram abnormality is related to the degree of non-uniform anisotropic conduction [13, 15] , and can be detected as late potentials by signal averaging techniques [16, 17] .
In contrast to ischemic heart disease, the electrophysiological substrate for ventricular arrhythmia in dilated cardiomyopathy is poorly understood. Endocardial plaques and myocardial scar are frequently observed in patients with dilated cardiomyopathy [18, 19] and in various animal models of nonischemic cardiomyopathy [20, 21] . The ventricular myocardium is characterized by patchy areas of interstitial and replacement fibrosis, myofiber disarray, with variable degrees of myocyte hypertrophy and atrophy [18] [19] [20] [21] [22] [23] [24] [25] . Heterogeneous patterns of epicardial [22, 24] and endocardial [20, 23] activation showing marked conduction disturbances are also observed. Abnormal fractionated electrograms are often recorded along stretches of fibrous tissue that constitute conduction barriers. In fact, the amount of myocardial fibrosis and myofiber disarray correlated well with the severity of non-uniform anisotropy, as well as generation of reentrant wavefronts [15, [22] [23] [24] [25] . In hearts with mild to moderate activation abnormalities, interstitial fibrosis predominates with primarily linear accumulation of collagen separating myocyte bundles. The tissue architecture and cellular alignment are preserved. In hearts with severely disturbed activation patterns, prominent strands of subendocardial fibrosis are present that often are accompanied by dense scar and disruption of epicardial [22, 24] and endocardial [23] muscle fibers and bundles.
Sustained monomorphic VT in cardiomyopathic patients is associated with a higher percentage of abnormal endocardial and epicardial electrogram recordings compared to those without sustained arrhythmia [26, 27] . Although the overall distributions of electrogram abnormalities between the endocardial and epicardial layers are similar, significant patient-to-patient variability exists [27] . This suggests some VT circuits may be located in the myocardial or epicardial layers while other tachycardia may originate from the sub-endocardium [28] . In some patients, the activation patterns and histologic findings resemble those at the border zone of myocardial infarction and may indicate common elements of arrhythmogenesis between ischemic and nonischemic heart disease.
The relationship between histopathology and electrophysiological response was further analyzed in a group of patients with idiopathic dilated cardiomyopathy presenting with spontaneous sustained ventricular tachyarrhythmia. Sustained monomorphic VT was inducible in ∼70% of these patients. Moderate to severe ultrastructural abnormalities detected by electron microscopy was associated with inducible sustained monomorphic VT. The outcome of electrophysiologic testing and arrhythmia inducibility may in fact be related to the degree of histopathology with a predictive accuracy up to 80% [19] .
In addition to abnormal anisotropic conduction, altered cellular membrane potentials with dispersion of refractoriness were also observed along with ultrastructural changes [19, 20, 29] . Non-reentrant mechanisms of ventricular arrhythmias, such as abnormal automaticity or triggered activity, have also been reported in some patients and animal models of idiopathic dilated cardiomyopathy [21, 25, 29] . Initiation of VT, either occurring spontaneously or in response to programmed stimulation, was observed in the subendocardium and sometimes in the subepicardium by a focal mechanism without evidence of reentry. Susceptibility to ventricular tachyarrhythmia was not predicted by the response to programmed stimulation in these studies. However, only episodes of nonsustained ventricular arrhythmia was investigated and sustained monomorphic VT was not observed [25, 29] .
Electrophysiology Study in Dilated Cardiomyopathy
The response to programmed stimulation in patients with dilated cardiomyopathy is critically dependent on the spontaneous arrhythmia presentation. Specifically, in patients presented with sustained monomorphic VT, ventricular stimulation uniformly induced this arrhythmia [6] [7] [8] 26, 30, 31] . Similar to patients with coronary artery disease, the overall sensitivity of programmed stimulation is 75-100% in those with spontaneous sustained monomorphic VT. However, the inducibility is much lower in cardiomyopathy patients presenting with cardiac arrest or nonsustained VT compared to those with ischemic heart disease ( Table 1) . Inducible sustained VT can be observed in only ∼10-15% of patients presenting with cardiac arrest. In patients with nonsustained VT, inducible sustained monomorphic VT was observed only in 0%-15% and inducible polymorphic VT or VF was observed in 0%-29% of patients undergoing programmed stimulation [7, 26, 30, [32] [33] [34] [35] . This is in contradistinction to patients who present with cardiac arrest or nonsustained VT in the setting of chronic coronary artery disease in whom 50% and
